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SUBJECT:  Westhoff  Dam  (Mo.  11140)  Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evaluation  of 
the  Westhoff  Dam  (Mo.  11140). 


It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal 
Dams . 


This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St.  Louis 
District  as  a  result  of  the  application  of  the  following  criteria: 


1)  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum 
Flood 

2)  Overtopping  could  result  in  dam  failure 

3)  Dam  failure  significantly  increases  the  hazard  to  loss  of  life 
downstream 
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Name  of  Dam: 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


Westhoff  Dam,  Missouri  Inv.  No.  11140 

Missouri 

Lincoln 

An  unnamed  tributary  of  Bobs  Creek 
April  21,  1980 


Assessment  of  General  Condition 

Westhoff  Dam  was  inspected  by  the  engineering  firms  of 
Consoer,  Townsend  and  Associates,  Ltd.  and  PRC  Engineering  Consul¬ 
tants,  Inc.  (A  Joint  Venture)  of  St.  Louis,  Missouri  according  to 
the  U.  S.  Army  Corps  of  Engineers  "Engineer  Regulation  No.  1 1 10—2— 
106"  and  additional  guidelines  furnished  by  the  St.  Louis  District 
of  the  Corps  of  Engineers.  Based  upon  the  criteria  in  the  guide¬ 
lines,  the  dam  is  in  the  high  hazard  potential  classification, 
which  means  that  urban  development  with  more  than  a  small  number  of 
habitable  structures  could  be  affected  in  the  event  of  failure  of 
the  dam.  Within  the  estimated  damage  zone  of  one  mile  downstream 
of  the  dam  are  four  dwellings,  four  buildings,  three  trailers,  one 
gas  station,  and  a  pond  which  may  be  subjected  to  flooding,  with 
possible  damage  and/or  destruction,  and  possible  loss  of  life. 
Westhoff  Dam  is  in  the  small  size  classification  since  it  is  25 
feet  high,  and  impounds  more  than  50  acre-feet  but  less  than  1,000 
acre-feet  of  water. 
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The  overall  condition  of  the  dam  and  appurtenant  struc¬ 
tures  appears  to  be  satisfactory,  however,  the  dam  does  not  have 
adequate  spillway  capacity.  Our  inspection  and  evaluation  indi¬ 
cates  that  the  spillway  of  Westhoff  Dam  does  not  meet  the  criteria 
set  forth  in  the  guidelines  for  a  dam  having  the  above  size  and 
hazard  potential.  Westhoff  Dam,  being  a  small  size  dam  with  a  high 
hazard  potential,  is  required  by  the  guidelines  to  pass  from  one- 
half  of  the  Probable  Maximum  Flood  to  the  Probable  Maximum  Flood 
without  overtopping.  Considering  the  volume  of  water  impounded, 
the  relatively  narrow  valley  and  the  number  of  dwellings  downstream 
of  the  dam,  the  PMF  is  considered  the  appropriate  spillway  design 
flood  for  this  dam.  It  was  determined  that  the  reservoir/spillway 
system  can  accommodate  approximately  20  percent  of  the  Probable 
Maximum  Flood  without  overtopping  "effective  top  of  the  dam".  The 
"effective  top  of  the  dam"  is  defined  as  the  lake  elevation  at 
which  corresponding  outflow  velocity  exceeds  suggested  maximum 
permissible  mean  velocity  in  the  emergency  spillway  channel.  Our 
evaluation  indicates  that  the  reservoir/spillway  system  can  accom¬ 
modate  the  one-percent  chance  flood  (100-year  flood)  without 
overtopping  the  "effective  top  of  the  dam". 

The  Probable  Maximum  Flood  is  defined  as  the  flood 
discharge  that  may  be  expected  from  the  most  severe  combination  of 
critical  meteorological  and  hydrologic  conditions  that  are  reason¬ 
ably  possible  in  the  region. 

Other  deficiencies  noted  by  the  inspection  team  were: 
livestock  activities  on  the  embankment,  the  erosion  gullies  on  the 
left  abutment  and  upstream  of  the  emergency  spillway,  minor  wave 
erosion  on  the  upstream  slope,  small  saplings  on  the  upstream 
slope,  damage  of  protective  grass  cover  on  the  emergency  spillway 
by  vehicular  traffic,  damage  of  downstream  slope  area  surrounding 
the  principal  spillway  outlet  pipe  by  cattle,  minor  obstructions  in 
the  emergency  spillway  approach  area,  a  need  for  periodic  inspec- 
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qualified  engineer  and  a  lack  of  maintenance  schedule, 
of  seepage  and  stability  analyses  on  record  is  also  a 
that  should  be  corrected. 


It  is  recommended  that  the  owner  take  action  to  correct 
the  deficiencies  described  above. 


Walter  G.  Shifrin,  P.E. 


*>'-  Of  Mjj. 
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PHASF.  I  INSPECT [ON  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 

WESTHOFF  DAM,  Missouri  Inv.  No.  11140 


SECTION  I:  PROJECT  INFORMATION 


1  •  l  General 

a.  Authority 

The  Dam  Inspection  Act,  Public  law  92-367  of 
August,  1972,  authorizes  the  Secretary  of  the  Army,  through 
the  Corps  of  Engineers,  to  initiate  a  national  program  of  dam 
inspections.  Inspection  for  Westhoff  Dam  was  carried  out 
under  Contract  DACW  43-80-C-0094  between  the  Department  of  the 
Army,  St.  Louis  District,  Corps  of  Engineers,  and  the  engi¬ 
neering  firms  of  Consoer,  Townsend  &  Associates,  Ltd.,  and  PRC 
F.ngineering  Consultants,  Inc.  (A  Joint  Venture),  of  St.  Louis, 
Missouri . 

b.  Purpose  of  Inspection 

The  visual  inspection  of  Westhoff  Dam  was  made  on 
April  21,  1980.  The  purpose  of  the  inspection  was  to  make  a 

general  assessment  as  to  the  structural  integrity  and  opera¬ 
tional  adequacy  of  the  dam  embankment  and  its  appurtenant 


structures. 


c. 


Scope  of  Report 


! 
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This  report  summarizes  available  pertinent  data 
relating  to  the  project,  presents  a  summary  of  visual  observa¬ 
tions  made  during  the  field  inspection,  presents  an  assessment 
of  hydrologic  and  hydraulic  conditions  at  the  site,  presents 
an  assessment  of  the  structural  adequacy  of  the  various 
project  features  and  assesses  the  general  condition  of  the  dam 
with  respect  to  safety. 

Subsurface  investigations,  laboratory  testing  and 
detailed  analyses  were  not  within  the  scope  of  this  study.  No 
warranty  as  to  the  absolute  safety  of  the  project  features  is 
implied  by  the  conclusions  presented  in  this  report. 

It  should  be  noted  that  In  this  report  reference  to 
left  or  right  abutments  is  viewed  as  looking  downstream. 
Where  left  abutment  or  left  side  of  the  dam  Is  used  in  this 
report,  this  also  refers  to  the  west  abutment  or  side,  and 
right  to  the  east  abutment  or  side. 

d.  Evaluation  Criteria 

The  inspection  and  evaluation  of  the  dam  is  per¬ 
formed  in  accordance  with  the  i'.S.  Army  Corps  of  Engineers 
"Engineer  Regulation  Mo.  1110-2-106"  and  additional  guidelines 
furnished  by  the  St.  Louis  District  office  of  the  Corps  of 
Engineers  for  Phase  I  Dam  Inspection. 
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2  Description  of  the  Project 

a.  Description  of  Dam  and  Appurtenances 

The  following  description  is  based  exculusively 
upon  observations  and  measurements  made  during  the  visual 
inspection  and  from  a  conversation  made  with  Mr.  Leonard 
Westhoff,  Jr.,  the  owner.  Original  SCS  design  drawings  and 
some  computation  sheets  were  located  and  are  presented  in  this 
report,  however,  most  of  the  dimensions  on  the  design  drawings 
do  not  correspond  with  the  field  measurements. 

The  dam  is  a  homogeneous,  rolled  earthfill  struc¬ 
ture  with  a  straight  alignment  between  earthen  abutments.  The 
crest  width  of  the  embankment  is  16  feet  and  the  crest  has  a 
total  length  of  730  feet  (excluding  the  top  width  of  the 
emergency  spillway).  According  to  the  drawings,  the  crest  was 
supposed  to  be  10  feet  wide  and  no  crest  length  was  given- 
The  crest  elevation  is  at  approximately  U  70  feet  above  mean 
sea  level  (MSL).  The  maximum  height  of  the  embankment  is  25 
feet.  The  upstream  and  downstream  slopes  were  measured  to  be 
1  vertical  to  3  horizontal  (IV  to  311)  and  IV  to  2.25H,  re¬ 
spectively.  According  to  the  drawings,  the  upstream  and 
downstream  slopes  were  to  be  IV  to  3H  and  IV  to  2H,  respec¬ 
tively. 


According  to  Mr.  Westhoff,  a  trapezoidal  shaped 
core  trench  was  excavated  parallel  to  the  dam  axis.  The 
trench  was  not  excavated  to  bedrock.  The  compaction  of  the 
embankment  was  achieved  only  by  the  earthmoving  equipment  used 
for  the  placement  of  the  fill.  No  compaction  control  tests 
were  performed.  The  materials  used  for  the  embnkment  were 
removed  from  the  reservoir. 
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There-  were  two  spillways  designed  for  the  dam,  a 
principal  spillway  and  an  emergency  spillway.  The  principal 
spillway  is  an  18-inch  diameter  (17.5-inch  1.0.)  welded  steel 
pipe,  laid  through  the  fill  approximately  310  feet  from  the 
left  abutment,  with  two  steel  antiseep  collars  welded  to  it; 
one  is  located  at  25  feet  and  the  other  at  50  feet  from  the 
inlet.  The  antiseep  collars  are  6-foot  square  plates  and  are 
not  founded  on  bedrock.  A  seginentally  shaped  endplate, 

approximately  3.5  inches  in  its  maximum  rise  is  welded  to  the 
opening  at  the  top  of  the  pipe  at  the  inlet  end;  from  the 
straight  edge  of  the  endplate,  the  pipe  itself  has  been  cut 
hack  on  a  45  degree  angle  from  the  plane  of  the  pipe  opening. 
This  constitutes  the  inlet  of  the  principal  spillway.  The 
104-foot  long  spillway  conduit  falls  8.23  feet  from  inlet  end 
to  outlet  end;  the  inlet  invert  elevation  is  456.8  and  the 
outlet  invert  elevation  is  448.57.  The  outlet  end  condition 
allows  flows  to  fall  approximately  20  inches  to  a  pool  area 
slightly  wider  than  the  downstream  channel.  The  emergency 
spillway  was  cut  into  the  top  of  the  dam  at  the  right  abutment 
area  with  a  measured  58  foot  top  width  and  an  approximatly  30 
foot  bottom  width  at  the  control  section.  The  channel  is  3 
feet  deep  and  has  a  side  slope  of  from  IV  to  3-1/3H  on  the 
right  side  and  IV  to  5-1/3H  on  the  left  side.  The  channel 
then  widens  and  follows  along  the  toe  of  the  dam  and  outlets 
at  the  same  point  as  the  principal  spillway,  joining  the 
downstream  channel  perpendicularly  at  this  point.  The  channel 
invert  and  sides  have  a  dense  grass  cover  protection. 

There  were  no  regulated  outlet  works  or  low-level 
drains  provided  for  this  dam. 
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b .  Locat  Lon 

Westhoft  Dam  is  located  in  the  state  of  Missouri, 
Lincoln  County,  across  an  unnamed  tributary  to  Bobs  Creek 
which  is  tributary  to  the  Mississippi  River.  It  can  be  found 
on  the  7.5  minute  series  of  the  Winfield,  Mo. -Ill.  Quadrangle, 
in  survey  No.  816,  Range  2K,  Township  49N. 

c.  Size  Classification 

According  to  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams",  by  the  U.S.  Department  of  the  Army, 
Office  of  the  Chief  Engineer,  the  dam  is  classified  in  the  dam 
size  category  as  being  "small"  since  its  storage  is  less  than 
1,000  acre-feet  and  more  than  50  acre-feet.  The  dam  is  also 
classified  as  "small"  in  dam  size  category  because  its  height 
is  25  feet.  The  overall  size  classification  is,  accordingly, 
"small". 

d.  Hazard  Classification 

The  dam  has  been  classified  as  having  a  "high" 
hazard  potential  in  the  National  Inventory  of  Dams,  on  the 
basis  that  in  the  event  of  failure  of  the  dam  or  its  appurte¬ 
nances,  excessive  damage  could  occur  to  urban  development  with 
more  than  a  small  number  of  habitable  structures,  together 
with  the  possibility  of  the  loss  of  life.  Our  findings  concur 
with  this  classification.  Within  the  estimated  damage  zone 
which  extends  approximately  one  mile  downstream  from  the  dam, 
are  four  dwellings,  one  pond,  three  trailers,  a  gas  station, 
and  four  buildings. 
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e.  Ownership 

Westhoff  Dam  is  owned  privately  by  Mr.  and  Mrs. 
Leonard  Westhoff,  Jr.  and  Mr.  Eugene  Franke.  Mr.  and  Mrs. 
Westhoff,  Jr.  own  the  crest,  upstream  slope  and  spillway 
sections  of  the  dam  and  Mr.  Franke  owns  the  downstream  slope. 
The  mailing  addresses  are  Mr.  and  Mrs.  Leonard  Westhoff,  Jr., 
R.R.  2,  Box  248,  Winfield,  Missouri,  63389,  and  Mr.  Eugene 
Franke,  R.R.  2,  Box  250,  Winfield,  Missouri,  63389. 

f  .  Purpose  of  Dam 

The  main  purposes  of  the  dam  are  flood  control  and 
to  retain  soil  that  is  eroded  from  the  watershed  upstream  of 
the  dam. 

g.  Design  and  Construction  History 

Westhoff  Dam  was  designed  by  the  Department  of 
Agriculture,  Soil  Conservation  Service,  Troy,  Missouri  office. 
Mr.  Jack  Angle  was  the  soil  conservationist  for  the  project. 
The  dam  was  built  in  December,  1974  by  G  &  P  Ditching  Service, 
Inc.,  0' Fallon,  Missouri. 

Mr.  Charles  Grabenhorst,  who  is  with  G  &  P  Ditching 
Service,  Inc.,  stated  that  the  dam  had  an  adequate  core  trench 
which  extended  into  solid  clay  material.  The  dam  was  built 
according  to  Soil  Conservation  Service  standards  and  specifi¬ 
cations.  Mr.  Angle  periodically  inspected  the  construction  of 
the  dam. 
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h.  Normal  Operational  Procedures 

There  is  no  operational  procedure  which  is  followed 
for  the  operation  of  Westhoff  Dam  Reservoir.  Normally,  the 
water  level  in  the  reservoir  is  controlled  by  rainfall, 
runoff,  evaporation,  and  the  crest  elevation  of  the  principal 
spillwav.  This  is  the  normal  procedure  for  operation  of  the 
reservoir . 
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Pertinent  Data 


a.  Drainage  Area  (square  miles):  .  0.58 

b.  Discharge  at  Damsite 

Estimated  experienced  maximum  flood  (cfs):  .  350 

Estimated  ungated  spillway  capacity  with 

reservoir  at  top  of  dam  elevation  (cfs): . 902 

c.  Elevation  (Feet  above  MSL) 

Top  of  dam:  . . 470 

Spillway  crest: 

Principal  Spillway  .  456.8 

Emergency  Spillway  .  ...  467 

Normal  Pool:  .  456.8 

Maximum  Experienced  Pool:  .....  .  469 

Observed  Pool:  .  457 

d.  Reservoir 

Length  of  pool  at  top  of  dam  elevation  (Feet): . 1400 

e.  Storage  (Acre-Feet) 

Top  of  dam: . 95 

Spillway  crest: 

Principal  Spillway  .  .....  3 

Emergency  Spillway  .  58 

Normal  Pool:  .  3 

Maximum  Experienced  Pool:  ..  .  83+ 

Observed  Pool:  .  3 

f.  Reservoir  Surfaces  (Acres) 

Top  of  dam: . . .  14.5 

Spillway  crest: 
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Principal  Spillway 
Emergency  Spillway 

Normal  Pool:  . 

Maximum  Experienced  Pool:  •  .  • 
Observed  Pool:  . 

g.  Dam 

Type: 

Crest  Length: 

Structural  Height: 

Hydraulic  Height: 

Crest  width: 

Embankment  slopes: 

Downstream 

Upstream 

Zoning: 

Impervious  core: 

Cutoff: 

Grout  curtain: 


i.  Spillway 

Type: 

Principal  Spillway 

Emergency  Spillway 
Length  of  crest: 

Principal  Spillway 
Emergency  Spillway 

Crest  Elevation  (feet  above  MSL): 


.  1.9 

.  1 0.  5 

.  1.9 

.  14- 

.  2 

Rolled,  Earthfill 
730  feet 
25  feet 
25  feet 
16  feet 

IV  to  2.25H  (measured) 

IV  to  3H  from  crest  to  waterline, 
remainder  unknown 

Unknown 

None  according  to  design  drawing 

None 

None 

None 


17.5-inch  I.D.  steel  pipe, 
uncontrolled 

Open  channel,  uncontrolled 

17.5-inch  I.D.  steel  pipe 

32  feet  (bottom  width  of  the 
trapezoidal  channel) 


h.  Diversion  and  Regulating  Tunnel 


< 
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Principal  Spillway  ........  456.8 

Emergency  Spillway  .  467 

j.  Regulating  Outlets  None 
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SECTION  2:  ENGINEERING  DATA 

2.  l  Design 

Design  sketches  are  available  from  the  Department  of 
Agriculture,  Soil  Conservation  Service,  and  are  included  as  part  of 
this  report-  The  sketches  were  prepared  in  June  of  1974  by  the 
Department  of  Agriculture,  Soil  Conservation  Service. 

The  dam  was  designed  on  the  basis  of  Soil  Conservation 
Service  Standard  and  Specifications  for  Ponds  (Bulletin  378). 
Engineering  computations  for  this  project  were  also  available  and 
are  included  in  this  report. 

2. 2  Construction 

No  data  are  available  concerning  the  construction  of  the 
dam  and  appurtenant  structures,  other  than  the  construction  history 
given  in  Section  1.2a  and  Section  1.2g 

2 . 3  Operation 

No  operation  records  are  available  for  Westhoff  Dam. 

2.4  Evaluation 

a.  Availability 

The  availability  of  engineering  data  is  fair  and 
consists  of  the  design  sketches,  engineering  computations, 
State  Geological  Maps  and  U.S.G.S.  Quadrangle  Sheets.  No  data 
were  available  with  regard  to  subsurface  investigations  or 
soil  testing  for  the  dam. 
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b.  Adequacy 


The  conclusions  presented  in  this  report  are  based 
on  field  measurements,  the  available  engineering  data,  past 
performance  and  present  condition  of  the  dam.  The  available 
data  and  the  field  measurements  are  adequate  to  evaluate  the 
hydraulic  and  hydrologic  capabilities  of  the  dam.  Seepage  and 
stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were 
not  available,  which  is  considered  a  deficiency.  These 
seepage  and  stability  analyses  should  be  performed  for  appro¬ 
priate  loading  conditions  and  made  a  matter  of  record. 

c.  Validity 

Design  sketches  and  computations  were  available  for 
review.  From  field  measurements,  the  dam  appears  to  have  been 
constructed  according  to  the  available  sketches,  except  for 
the  discrepancies  described  in  Section  1.2a. 
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SECTION  3:  VISUAL  INSPECTION 


3. 1  Findings 


a.  Ceneral 


A  visual  inspection  of  the  Westhoff  Dam  was  made  on 
April  21,  1980.  The  following  persons  were  present  during  the 
inspection: 


Name 


Affiliation 


Disciplines 


Dr.  M.A.  Samad 


PRC  Engineering  Consultants,  Inc. 


Project  Engineer, 
Hydraulics  and 
Hydrology 


Mark  R.  Haynes 


PRC  Engineering  Consultants,  Tnc.  Soils  and 

Mechanical 


Robert  McLaughlin 
Razi  Quraishi 

John  I.auth 


PRC  Engineering  Consultants,  Inc. 
DRC  Engineering  Consultants,  Inc. 
Consoer,  Townsend  fit  Assoc.,  Ltd. 


Civil 

Geology 

Civil  and 
Structural 


Mr.  Leonard  Westhoff,  Jr.  One  of  the  Owners 
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Specific  observations  are  discussed  below 


b.  Dam 

The  crest  of  the  dam  is  adequately  protected 
against  surface  erosion  by  a  good  vegetative  cover.  The  crest 
is  used  occasionally  as  a  farm  road.  Consequently,  a  few 
small  ruts  have  been  formed.  There  was  no  evidence  of  signi¬ 
ficant  settlement  or  cracking  on  the  crest.  No  significant 
deviations  in  horizontal  or  vertical  alignment  were  apparent. 
According  to  Mr.  Westhoff,  the  dam  has  never  been  overtopped 
and  no  evidence  indicating  the  contrary  was  observed. 

The  upstream  slope  has  no  riprap  protection, 
consequently,  some  minor  erosion,  due  to  wave  action,  has 

occurred  near  the  water  surface.  The  portion  of  the  slope 

above  the  water  surface  is  adequately  protected  from  surface 
erosion  by  a  good  vegetative  cover.  The  slope  showed  signs  of 
grazing  livestock  activity.  There  were  some  very  small 
shallow  surface  sloughs  along  the  slope  and  a  few  small  U- 
shaped  scarps  near  the  water  surface.  One  erosion  gully  was 
observed  near  the  center  of  the  emergency  spillway  extending 
from  the  crest  of  the  spillway  down  the  slope  to  near  the 
water  surface.  The  gully  was  approximately  2  feet  wide  and  1 
foot  deep.  Some  small  saplings  were  observed  along  the 

shoreline  and  around  the  intake  to  the  service  spillway.  No 

depressions,  cracks  or  settlements  were  apparent  on  the  slope. 
According  to  the  available  drawings,  a  bench  was  to  be  con¬ 
structed  at  the  elevation  of  the  principal  spillway  inlet. 
The  bench,  however,  was  not  observed. 
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The  downstream  slope  from  the  right  abutment  to 
just  left  of  the  principal  spillway  appeared  to  be  used  to 
pasture  livestock  and  the  other  portion  of  the  embankment 
slope  appeared  to  be  used  for  some  other  agricultural  activ¬ 
ity.  The  right  side  of  the  slope  appeared  to  be  damaged  by 
grazing  livestock  similarly  to  the  upstream  slope.  There  were 
some  very  small  shallow  surface  sloughs  along  the  slope  and 
one  cattle  trail.  The  cattle  trail  extended  along  the  entire 
portion  of  the  slope  and  was  located  approximately  3  feet 
below  the  crest.  The  slope  around  the  principal  spillway 
appeared  to  have  been  slightly  steepened  due  to  the  grazing 
livestock.  The  entire  slope  appeared  to  have  an  adequate 
vegetative  cover  to  protect  it  from  surface  erosion.  No 
bulges,  depressions,  cracks  or  settlements  were  apparent  on 
the  slope.  No  seepage  was  apparent  along  the  toe  of  the 
slope. 


Both  abutments  slope  gently  upward  from  the  crest 
of  the  dam.  No  erosion  or  instabilities  were  observed  on  the 
right  abutment.  An  erosion  gully  was  observed  just  upstream 
of  the  embankmout/abutment  contact  on  the  left  abutment.  No 
instabilities  were  apparent  on  the  left  abutment.  No  seepage 
was  observed  on  either  abutment. 

No  rodent  activity  was  apparent  on  the  embankment 
or  abutments. 

c.  Project  Geology  and  Soils 

(1)  Project  Geology 

The  damsite  is  located  on  t He  unnamed  tributary  of 
Bobs  Creek  in  the  Springfield  Plateau  section  of  the  Ozark 
Plateaus  Physiographic  Province-  The  Springfield  Plateau 
includes  that  part  of  the  Ozarks  which  is  underlain  mainly  by 
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t!u*  rocks  of  Ml  ss  i  ss i pp i an  ago.  Most  of  t  lie  Springfield 
Plateaus  are  prairies  which  are  separated  by  valleys  cut  200 
feet  to  300  feet  below  the  upland  surface.  Most  of  the  area 
of  the  Springfield  Plateaus  is  overlain  by  a  mantle  of  chert 
released  by  weathering  of  the  Mi ssissippian  Limestone.  The 
topography  of  the  damsite  area  is  rolling  with  U-shaped 
valleys.  Elevation  ranges  from  500  feet  above  M.S.L.  (nearly 
0.25  miles  west  of  the  damsite)  to  470  feet  M.S.L.  at  the 
Westhoff  Lake  Dam.  The  reservoir  slopes  are  5°  to  18°  from 
horizontal.  The  reservoir  appears  to  be  water  tight.  A 
slight  to  moderate  localized  erosional  gully  activity  was 
observed  at  the  northeastern  portion  of  the  reservoir  rim. 
This  localized  gully  erosion  appears  to  be  not  a  detriment  to 
the  stability  of  the  reservoir  bank. 

The  area  at  the  damsite  is  covered  witli  a  mixture 
of  slope  wash  deposits  of  glacial-fluvial  origin  and  loess 
consisting  of  yellowish-brown  sandy  silt  origin.  No  outcrop¬ 
ping  of  bedrocks  was  seen  at  the  damsite. 

The  inlet  and  outlet  areas  of  the  unnamed  tributary 
of  Bobs  Creek  contain  Quaternary  alluvium.  The  areal  bedrock 
geology  beneath  the  slope  wash  deposits  as  shown  on  the 
Geologic  Map  ot  Missour'  (1479),  Plate  9,  consists  of  Pennsyl¬ 
vanian  rocks  of  tiie  Cherokee  Group  (cyclic  deposits  of  shales, 
limestone,  and  sandstone)  and  Mi ss i ssi ppi an  limestones  of  the 
Salem  and  St.  Louis  Formations. 

No  faults  have  been  identified  at  the  vicinity  of 
the  damsite.  The  closest  trace  of  a  fault  to  the  damsite  is 
the  Cap  Au  Gres  faulted  flexure  nearly  5  miles  north  of  the 
site.  The  Cap  Au  Gres  faulted  flexure  had  its  last  movement 
in  post-Pennsylvanian,  pre-Pleistocene  time.  This  fault 
appears  to  have  no  effect  on  the  dam. 
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VJesthoff  Lake*  Dam  consists  of  a  homogeneous  earth- 
fill  embankment,  a  principal  spillway  metal  pipe  located  at 
the  mid-section  of  the  embankment  and  an  emergency  spillway  is 
located  at  the  right  abutment  end  of  the  embankment. 

No  boring  logs  or  construction  reports  were  avail¬ 
able  which  could  indicate  foundation  conditions  encountered 
during  dam  construction.  Based  upon  the  visual  inspection  and 
from  the  personal  coramunicat inn  with  the  owner,  Mr.  Westhoff, 
the  embankment  probably  rests  on  glacial  deposits  of 
yellowish-brown  clayey  silt  and  some  fine  to  medium  sand.  The 
foundation  material  underneath  the  principal  spillway  metal 
pipe  is  compacted  embankment  fill  (yellowish-brown  silty 
clay).  The  emergency  spillway  was  cut  into  the  compacted 
embankment  fill. 

(2)  Project  Soils 

According  to  the  "Missouri  General  Soil  Map  and 
Soil  Association  Descriptions"  published  by  the  Soil  Conserva¬ 
tion  Service,  the  materials  in  the  general  area  of  tie-  lam 
belong  to  the  soil  series  of  Menl ro-Winf ield-Lindley  in  r  > ■ 

■  'itral  Mississippi  Valley  wooded  slopes  family.  The  soils 
were  basically  formed  from  loess  and  glacial  till.  The 
permeability  of  these  soils  range  from  moderate  to  moderately 
slow.  The  Lindley  soil  is  generally  quite  susceptible  to 
erosion.  If  the  Lindley  soil  type  was  used  in  the  embankment, 
the  potential  of  failure  of  the  embankment  would  he  in  ceased 
due  to  erosion  during  overtopping. 

Materials  removed  from  the  embankment  on  the 
upstream  and  downstream  slopes  approximately  one  foot  below 
the  vegetative  cover  appeared  to  be  a  yellowish-brown  silty 
clay.  Based  upon  the  Unified  Soil  Classification  System,  the 
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soil  would  probably  be  classified  as  a  CL.  This  soil  type 
generally  has  the  following  characteristics:  impervious  with 
a  coefficient  of  permeability  less  than  1.0  foot  per  year; 
medium  shear  strength;  and  a  high  resistance  to  piping. 

d.  Appurtenant  Structures 

(1)  Principal  Spillway 

The  principal  spillway  conduit  has  been  in  place 
for  five  years  and  appears  to  be  in  good  condition.  Judging 
from  the  exposed  ends  of  the  pipe,  it  would  appear  that  the 
entire  length  was  protected  with  an  asphaltic  covering.  The 
inlet  end  has  some  exposed  areas  of  the  pipe  unprotected  which 
have  a  light  coating  of  rust;  the  outlet  end  also  has  approxi¬ 
mately  one  to  two  feet  of  unprotected  and  rusted  conduit. 
There  is  a  small  growth  of  bush  type  plants  adjacent  to  the 
inlet  where  dead  grass,  etc.,  is  able  to  collect  and  the  inlet 
itself  is  set  back  into  the  upstream  slope  forming  a  gradual 
approachway;  since  there  is  no  headwall-wingwall  construction 
it  is  possible  for  moss  and  other  floating  debris  to  be 
carried  by  the  current  around  the  approachway  and  collect  at 
the  inlet  opening.  The  edge  of  the  downstream  slope  in  the 
vicinity  of  the  principal  spillway  outlet  has  no  rock  or  grass 
protection.  The  area  has  been  trampled  and  eroded  due  to 
livestock  watering  and  wave  action. 

(2)  Emergency  Spillway 

The  emergency  spillway  crest  is  three  feet  lower 
than  the  top  of  dam  and  is  constructed  into  the  right  end  of 
the  embankment.  The  centerline  of  the  spillway  channel  is 
perpendicular  to  the  axis  of  the  dam  at  the  inlet,  but  curves 
around  the  iownstream  slope  of  the  dam  and  follows  the  embank- 
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ment  until  it  intersects  with  the  principal  spillway  outlet. 
In  fact,  the  downstream  slope  and  the  left  channel  side  slop*- 
merge  and  function  as  one*  The  channel  invert  and  side  slopes 
seem  to  have  adequate  grass  cover  protection;  however,  at  th-* 
inlet  there  appears  to  be  a  soft  spot  where  vehicular  tires 
have  rutted,  and  grass  coverage  is  sparse.  The  emergency 
spillway  was  used  during  a  storm  in  1975  and  approximately  two 
feet  of  water  was  carried  over  the  crest,  according  to  the 
owner.  No  damage,  cracks,  bulges  or  settlements,  or  misalign¬ 
ments  were  observed.  Some  minor  erosion  was  observed  at  the 
downstream  end  of  the  channel,  it  takes  the  form  of  gulleys 
and  occurs  at  the  point  where  the  slope  steepens  just  before 
the  entrance  to  the  principal  spillway  outlet  pool  area. 

(3)  Outlet  Works 

There  were  no  regulated  outlet  works  or  low  level 
drain  pipes  constructed  for  this  dam.  Although  there  is  no 
low-level  drain  system,  the  freeboard  above  normal  ro.ser yol.c 
level  is  greater  than  10  feet. 

e.  Reservoir  Area 

The  water  level  for  the  reservoir  was  at  elevation 
457.0  feet  above  M.S.L.  on  the  day  of  inspection. 

The  reservoir  rim  is  sloped  gently  and  no  indica¬ 
tion  of  instability  or  severe  erosion  was  readily  apparent. 
The  slopes  surrounding  the  reservoir  are  gentle  and  partially 
tree-covered  and  partially  in  agriculture.  There  are  no  homes 
or  other  structures  built  near  the  reservoir. 
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f.  Downstream  Channel 

The  downstream  channel  Is  a  well  defined  meandering 
channel.  The  channel  has  a  bottom  width  of  about  five  feet 
and  a  side  slope  of  IV  to  111  .11  both  sides.  The  channel  is 
approximately  eight  feet  deep.  Some  trees  were  observed 
growing  in  the  channel.  The  tr«"*s  could  affect  the  hydraulic 
efficiency  of  the  channel. 

3.2  Evaluation 


The  visual  inspection  revealed  nothing  of  a  sufficiently 
significant  nature  to  require  immediate  remedial  action.  However, 
the  following  conditions  were  observed  during  the  visual  inspection 
which  could  cause  adverse  effects  on  the  dam  in  the  future. 

1.  The  damage  to  the  upstream  and  downstream  slopes  due 
to  the  grazing  livestock,  could  affect  the  stability  and  safety  of 
the  dam,  if  the  livestock  activity  is  allowed  to  continue. 

2-  The  erosion  on  the  left  abutment  and  upstream  of  the 
emergency  spillway  pose  potential  danger  to  the  stability  of  the 
embankment . 


3.  The  small  saplings  on  the  upstream  slope  do  not  pose 
a  danger  to  the  safety  of  the  dam  at  this  time.  Nevertheless,  if 
the  saplings  are  allowed  to  grow,  they  could  pose  a  potential 
danger  to  the  safety  of  the  dam.  Depending  upon  the  extent  of  the 
root  systems  of  large  trees,  the  roots  could  provide  paths  for 
piping  through  the  embankment. 
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4.  The  minor  wave  erosion  on  the  upstream  slope.  If 
allowed  to  continue,  could  affect  the  structural  stability  of  the 
dam. 


5.  The  vehicular  path  worn  Into  the  crest  of  the 
emergency  spillway  is  in  a  potentially  soft  area;  since  the  crest 
has  been  rutted  and  the  protective  grass  cover  has  been  worn  away, 
this  area  could  be  severely  damaged  by  the  erosive  effects  of 
floodwaters  passing  over  the  crest. 

6.  The  downstream  slope  area  surrounding  the  principal 
spillway  outlet  pipe  has  been  trampled  by  cattle  maneuvering  for 
drinking  water  thus  destroying  the  protective  grass  cover  and 
opening  a  large  area  to  the  erosi/e  effects  of  rains.  Potentially 
serious  problems  and  local  instability  could  result  from  this  area. 

7.  The  gathering  of  floating  moss,  dead  grass,  and 
small  sapling  or  bush  type  plants  near  the  principal  spillway  inlet 
approachway  could  easily  result  in  an  inefficient  functioning  of 
the  spillway. 
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SECTION  4:  OPERATIONAL  PROCEDURES 


4. 1  Procedures 

Westhoff  Dam  is  used  to  impound  water  from  rainfall  and 
runoff  for  flood  control  and  soil  conservation.  There  are  no 

specific  procedures  which  are  followed  for  the  operation  of  the 

dam.  The  water  level  in  the  reservoir  is  controlled  by  rainfall, 
runoff,  evaporation  and  by  the  elevation  of  the  crest  of  the 

principal  spillway.  There  are  no  staff  gages  or  monitoring  devices 

to  check  the  water  level. 

4.2  Maintenance  of  Dam 

The  dam  is  maintained  by  the  owner,  Mr.  Leonard  West¬ 
hoff,  Jr.  The  slopes  and  the  dam  crest  are  mowed  periodically. 
However,  a  few  small  trees  have  started  to  grow  near  the  principal 
spillway  pipe  on  the  upstream  side  of  the  dam. 

There  are  erosion  gullies  forming  at  the  left  abutment 
contact  on  the  upstream  side  and  at  the  emergency  spillway  inlet. 
This  erosion  should  be  arrested  before  It  encroaches  into  the 
embankment  material. 

4.3  Maintenance  of  Operating  Facilities 

There  are  no  operating  facilities  associated  with  this 

dam. 
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4 . 4  Description  of  Any  Warning  System  In  Effect  1 

i 

The  inspection  team  is  not  aware  of  any  existing  warning 
system  for  this  dam. 

4.5  Evaluation 

The  operation  and  maintenance  for  Westhoff  Dam  seems  to 
be  lacking.  The  remedial  measures  as  described  in  Section  7.2 
should  be  undertaken  as  recommended. 
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SECTION  5:  HYDRAULIC/ HYDROLOGIC 


5 .  1  Evaluation  of  Features 

a.  Design 

The  watershed  area  of  the  Westhoff  Dam  upstream 
from  the  dam  axis  consists  of  approximately  368  acres.  The 
watershed  area  is  wooded  and  agricultural  land  with  some 
pasture  and  range  land.  Land  gradients  in  the  watershed 
average  roughly  1.5  percent.  The  Westhoff  Dam  Reservoir  is 
located  on  an  unnamed  tributary  of  Bobs  Creek.  The  reservoir 
is  about  2  miles  upstream  from  the  confluence  of  the  unnamed 
tributary  and  Bobs  Creek.  At  its  longest  arm  the  watershed  is 
approximately  1-25  miles  long.  A  drainage  map  showing  the 
watershed  and  the  downstream  hazard  zone  is  presented  as  Plate 
I  in  Appendix  B. 

Evaluation  of  the  hydraulic  and  hydrologic  features 
of  Westhoff  Dam  was  based  on  criteria  set  forth  in  the  Corps 
of  Engineers'  "Engineer  Regulation  No.  1 110-2-106"  and  addi¬ 
tional  guidance  provided  by  the  St.  Louis  District  of  the 
Corps  of  Engineers.  The  Probable  Maximum  Flood  (PMF)  was 
calculated  from  the  Probable  Maximum  Precipitation  (PMP)  using 
the  methods  outlined  in  the  U.S.  Weather  Bureau  Publication, 
Hydrometeorological  R-;ort  No.  33.  The  probable  maximum  storm 
duration  was  set  at  24  hours,  and  storm  rainfall  distribution 
was  based  on  criteria  givern  in  the  Corps  of  Engineers'  EM 
1110-2-1411  (Standard  Project  Storm).  The  Soil  Conservation 
Service  (SCS)  method  was  used  for  deriving  the  unit  hydro¬ 
graph,  utilizing  the  Corps  of  Engineers'  computer  program  HEC- 
1  (Dam  Safety  Version).  The  unit  hydrograph  parameters  are 
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presented  in  Appendix  B.  The  SCS  method  was  also  used  for 
determining  the  loss  rate.  The  hydrologic  soil  group  of  the 
wators'ivl  was  determined  by  use  of  published  soil  maps.  The 
hydrologic  soil  group  of  the  watershed  and  the  SCS  curve 
number  are  presented  in  Appendix  B.  The  curve  number,  the 
unit  hydrograph  parameters,  the  PMP  index  rainfall  and  the 
percentages  for  various  durations  were  directly  input  to  the 
HEC-1  (Dam  Safety  Version)  computer  program  to  obtain  the  PMF 
hydrograph.  The  computed  peak  discharges  of  the  PMF  and  one- 
half  of  the  PMF  are  5,266  cfs  and  2,633  cfs,  respectively. 

Both  the  PMF  and  one-half  of  the  PMF  inflow  hydro¬ 
graphs  were  routed  through  the  reservoir  by  the  Modified  Puls 
Method  also  utilizing  the  HEC-1  (Dam  Safety  Version)  computer 
program.  A  storm  of  50  percent  and  25  percent  PMF,  respec¬ 
tively,  preceded  the  PMF  and  the  50  percent  PMF  by  four  days. 
The  starting  elevation  for  routing  antecedent  floods  was 
assum.d  be  equal  to  the  mean  annual  high  water  level  in  the 
reservoir.  The  mean  annual  high  water  level  for  Westhoff  Dam 
Reservoir  was  estimated  to  be  at  the  crest  of  the  principal 
spillway.  The  water  level  in  the  reservoir  at  the  end  of  the 
four  day  routing  period  was  at  the  same  elevation  as  the  crest 
of  the  principal  spillway.  The  reservoir  was  assumed  at  this 
level  before  the  start  of  the  routing  computation  for  the  PMF 
i*i*l  one-half  of  the  PMF.  The  peak  outflow  discharges  for  the 
PMF  and  one-half  of  the  PMF  are  5,156  and  2,531  cfs,  respec¬ 
tively.  Both  the  PMF  and  one-half  of  the  PMF  when  routed 
through  the  reservoir  resulted  in  overtopping  of  the  "effec¬ 
tive  top  of  dam".  The  "effective  top  of  dam"  is  defined  as 
the  lake  elevation  at  which  corresponding  outflow  velocities 
exceed  the  suggested  maximum  permissible  mean  velocity  in  the 
emergency  spillway  channel. 
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The  size  of  physical  features  utilized  to  develop 
the  stage-outflow  relation  for  the  spillway  and  overtopping  of 
the  dam  were  determined  from  field  notes  and  sketches,  pre¬ 
pared  during  the  field  inspection.  The  reservoir  stage- 
capacity  data  were  based  on  the  ll.S.G.S.  Maryknoll  and  Win¬ 
field,  Missouri  Quadrangle  topographic  maps  (7.5  minute 
series).  The  spillway  and  dam  overtop  rating  curve  and  the 
reservoir  capacity  curve  are  presented  in  Plates  2  &  3  respec¬ 
tively  in  Appendix  B. 

From  the  standpoint  of  dam  safety,  the  hydrologic 
design  of  a  dam  must  aim  at  avoiding  overtopping.  Overtopping 
is  especially  dangerous  for  an  earth  dam  because  of  its 
erosive  characteristics.  The  safe  hydrologic  design  of  an 
embankment  dam  requires  a  spillway  discharge  capability,  in 
combination  with  an  embankment  crest  height  that  can  handle  a 
very  large  and  exceedingly  rare  flood  without  dam  overtopping. 

The  Corps  of  Engineers  designs  dams  to  safely  pass 
the  Probable  Maximum  Flood  that  is  estimated  could  be  gener¬ 
ated  from  the  dam's  watershed.  This  is  the  standard  for  dam 
safety  where  overtopping  would  pose  any  threat  to  human  life. 
Accordingly,  the  hydrologic  requirement  for  safety  for  this 
dam  is  die  capability  to  pass  the  Probable  Maximum  Flood 
without  overtopping. 

b.  Experience  Data 

It  is  believed  that  records  of  reservoir  stage  or 
spillway  discharge  are  not  maintained  for  this  site.  However, 
according  to  Mr.  Westhoff,  one  of  the  owners,  the  maximum 
reservoir  level  was  about  2  feet  above  the  crest  of  the 
emergency  spillway. 
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c.  Visual  Observations 

Observations  made  of  the  spillway  during  the  visual 
inspection  are  discussed  in  Section  3.  Id  and  evaluated  in 
Section  3.2. 

d.  Overtopping  Potential 

As  indicated  in  Section  5.1. a,  both  the  Probable 
Maximum  Flood  and  one-half  of  the  Probable  Maximum  Flood  when 
routed  through  the  reservoir,  resulted  in  overtopping  of  the 
"effective  top  of  dam"  which  was  determined  to  be  at  El.  469.6 
feet  above  M.S.L.  The  peak  outflow  discharges  for  the  PMF  and 
one-half  of  the  PMF  are  5,156  and  2,531  cfs,  respectively. 
The  capacity  of  the  two  spillways  just  before  exceeding  the 
mean  permissible  velocity  of  7  ft/sec.  in  the  emergency 
spillway  is  550  cfs.  The  PMF  overtopped  the  "effective  top  of 
dam"  by  1.94  feet  and  one-half  of  the  PMF  overtopped  the 
"effective  top  of  dam"  by  1.23  feet.  The  total  duration  of 
overflow  over  the  "effective  top  of  dam"  is  5  hours  and  55 
minutes  during  the  PMF  and  3  hours  and  40  minutes  during  one- 
half  of  the  PMF.  The  spillway/reservoir  system  of  Westhoff  Dam 
is  capable  of  accommodating  a  flood  equal  to  approximately  20 
percent  of  the  PMF  just  before  overtopping  the  "effective  top 
of  dam".  The  reservoi r /spi l Iway  system  of  Westhoff  Dam  will 
accommodate  the  100-year  flood  without  going  over  the  "effec¬ 
tive  top  of  dam"  elevation.  The  results  of  routing  of  various 
percentages  of  the  PMF  and  one-percent  chance  flood  are 
presented  in  the  following  Table: 
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SUMMARY  OF  ROUTINGS  OF  VARIOUS  FLOODS 


F  i  ood 
Routed 


Max.  Pool 
E l evat ion 
( Ft .  above 
M.S.L.  ) 


Maximum 
D  i  scharge 
(c  f  s) 


I  pth  Above  Duration  of 
"Effective  Flow  Above 
Top  of  Dam"  "Effective  Top 
Elevation  of  Dam"  Elevation 
(  f  t .  )  (h  r  s  .  ) 


13%  PMF 

468.27 

198 

0 

0 

17%  PMF 

469.23 

452 

0 

0 

18%  PMF 

469.41 

507 

0 

0 

22%  PMF 

469.93 

804 

0.3J 

0.67 

50%  PMF 

470.83 

2531 

1.23 

3.67 

100%  PMF 

471.54 

5156 

1 .94 

5.92 

One-Percent 
Chance  Flood 

468.93 

362 

0 

0 

The  failure  of  the  dam  could  cause  extensive  damage 
to  the  property  downstream  of  the  dam  and  possible  loss  of 
life.  The  estimated  damage  zone  extends  approximately  one 
mile  downstream  of  the  dam.  Within  the  damage  zone  are  four 
dwellings,  four  buildings,  three  trailers,  a  pond  and  one  gas 
s  t at  ion . 
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SECTION  6:  STRUCTURAL  STABILITY 


6.1  Evaluation  of  Structural  Stability 

a.  Visual  Observations 

There  were  no  major  signs  (if  settlement  or  distress 
observed  on  the  embankment  during  the  visual  inspection.  The 
embankment  is  protected  against  surface  erosion  by  an  adequate 
cover  of  vegetation.  The  damage  to  the  upstream  and  down¬ 
stream  slopes  due  to  the  gracing  livestock  does  not  appear  to 
affect  the  structural  stability  of  the  dam  at  this  time, 
Nevertheless,  the  problem  should  be  corrected  and  the  damage 
properly  repaired.  The  minor  erosion  due  to  wave  action  on 
the  upstream  slope  does  not  appear  to  affect  the  structural 
stability  of  the  embankment  in  its  present  condition.  Never¬ 
theless,  the  erosion  should  be  monitored  and  if  the  erosion 
continues,  steps  should  be  taken  to  control  the  problem.  The 
erosion  on  the  left  abutment  and  upstream  of  the  emergency 
spillway  pose  a  potential  danger  to  the  dam  and  should  bo 
properly  repaired.  In  the  absence  of  seepage  and  stability 
analyses,  no  quantitative  evaluation  of  the  structural  sta¬ 
bility  can  be  made. 

Although  the  interior  of  the  principal  spillway 
conduit  could  not  be  visually  inspected,  it  is  assumed  that 
the  entire  conduit  was  in  a  functionally  stable  condition. 
The  outlet  end  of  the  pip*'  and  the  immediately  following 
downstream  channel  reach  appear  to  bo  generally  stable,  as 
does  the  emergency  spillway  channel.  Two  specific  conditions 
which  should  be  pointed  out  are  the  soft  area  and  vehicular 
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r.its  within  hir  emergency  spillway  I'ri'st  area  and  the  erodible 
cond  1 1  i  .in  •;  i  a  the  spillway  outlet  area;  these  two  conditions 
pos  ■  potential  problems  to  localized  stability.  Overall, 
tueso  appurt  enanees  appear  to  be  structurally  stable'-. 

b.  Design  and  Construction  Data 

No  design  computations  pertaining  to  the  embankment 
were  uncovered  during  the  report  preparation  phase.  SCS 
design  computations  pertaining  to  the  hydraulic  design  of  the 
principal  spillway  and  the  emergency  spillway  were  located  and 
are  included  in  this  report.  Seepage  and  stability  analyses 
comparable  to  the  requirements  of  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams"  were  not  available.  No  embank¬ 
ment  or  foundation  soil  parameters  are  available  for  carrying 
out  a  conventional  stability  analysis  on  the  embankment. 
Likewise,  construction  data  relating  to  the  degree  of  embank¬ 
ment  compaction  are  not  available  for  use  in  a  stability 
analysis.  A  standard  Soil  Conservation  Service  specification 
used  for  Westhoff  Dam  was  located.  Nevertheless,  no  specific 
information  pertaining  to  the  soil  type  to  be  used  for  this 
dam,  degree  of  compaction  to  be  attained,  type  of  foundation 
which  might  be  encountered,  treatment  of  the  foundation  or 
other  information  which  could  be  used  to  evaluate  the  stabil¬ 
ity  of  the  dam  was  in  the  specification. 

c.  Operating  Records 

No  operating  records  were  available  relating  to  the 
stability  of  the  dam  or  appur.t  enanl  structures.  The  water 
level  on  the  day  of  the  visual  inspection  was  at  the  crest  of 
the  principal  spillway.  According  to  Mr.  Westhoff,  the 
reservoir  remains  full  most  ot  the  time.  No  regulated  outlet 
works  or  low  level  drain  was  provided  for  the  dam. 
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d.  Post  Construction  Changes 

No  post  construction  changes  have  been  made  to 
Westhoff  Dam. 

e.  Seismic  Stability 

The  dam  is  located  near  the  borderline  of  seismic 
zones  1  and  2,  as  defined  in  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams"  prepared  by  the  Corps  of  Engineers, 
and  does  not  require  a  seismic  stability  analysis.  An  earth¬ 
quake  of  the  magnitude  which  would  be  expected  in  Seismic  Zone 
1  or  2  should  not  cause  significant  distress  to  a  well  de¬ 
signed  and  constructed  earth  dam.  Available  literature 
indicates  no  active  faults  exist  in  the  vicinity  of  the 
dams ite . 
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SECTION  7:  ASSESSMENT/ REMEDIAL  MEASURES 


7.1  Dam  Assessment 


The  assessment  of  the  general  condition  of  the  dam  is 
based  upon  available  data  and  visual  inspection.  Detailed  investi¬ 
gations,  testing  and  detailed  computat ional  evaluations  are  beyond 
the  scope  of  a  Phase  I  investigation;  however,  the  investigation  is 
intended  to  identify  any  need  for  3uch  studies. 

It  should  be  realized  that  the  reported  condition  of  the 
dam  is  based  upon  observations  of  field  conditions  at  the  time  of 
inspection  along  with  data  available  to  the  inspection  team. 

It  is  also  important  to  note  that  the  condition  of  a  dam 
depends  upon  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be  incorrect 
to  assume  that  the  present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in  the  future. 
Only  through  continued  care  and  inspection  can  there  be  assurance 
that  an  unsafe  condition  could  be  detected. 

a.  Safety 

The  spillway  capacity  of  Westhoff  Dam  is  found  to 
be  "Seriously  Inadequate".  The  spillway/reservoir  system  will 
accommodate  only  20  percent  of  the  PMF  without  overtopping  the 
"effective  top  of  dam".  The  surface  soils  in  the  embankment 
and  the  emergency  spillway  appear  to  be  silty  clay.  The  PMF 
overtopped  the  "effective  top  of  dam"  by  1.94  feet  and  one- 
half  of  the  PMF  overtopped  the  "effective  top  of  dam"  by  1.23 
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feet.  The  maximum  velocity  of  flow  in  the  emergency  spillway 
will  be  about  9  ft/sec.  The  velocity  in  the  emergency  spillway 
will  thus  exceed  the  permissible  velocity  of  7  ft/sec 
(Kentucky  Blue  Grass-Silt  clay)  during  overtopping.  Since  the 
physical  top  of  dam  is  also  overtopped  during  the  occurrence 
of  the  PMF  and  one-half  of  the  PMF,  the  dam  itself  would  be 
susceptible  to  erosion  due  to  high  velocity  of  flow  on  its 
downstream  slope. 

No  quantitative  evaluation  of  the  structural  safety 
of  the  embankment  can  be  made  in  view  of  the  absence  of 
seepage  and  stability  analyses.  The  present  embankment  and 
appurtenant  structures,  however,  have  reportedly  performed 
satisfactorily  since  its  construction  without  failure  or 
evidence  of  instability.  The  dam  has  reportedly  never  been 
overtopped . 


The  safety  of  the  dam  can  be  improved  if  the 
deficiencies  described  in  Section  6.1a  and  below  are  properly 
corrected  according  to  the  procedure  given  in  Section  7.2b. 
The  small  saplings  on  the  upstream  slope  could  jeopardize  the 
safety  of  the  dam,  if  they  are  allowed  to  continue  to  grow. 
Depending  on  the  extent  of  the  root  system  of  large  trees, 
seepage  paths  can  develop  along  roots  of  trees  which  could 
lead  to  piping  of  the  embankment  material  and  cause  the 
embankment  to  fail.  The  trees  can  be  uprooted  during  a  storm 
which  could  cause  considerable  damage  to  the  dam. 

b.  Adequacy  of  Information 

The  conclusions  presented  in  this  report  are  based 
upon  field  measurements,  limited  design  drawings,  past  per¬ 
formance  and  the  present  condition  of  the  dam.  Information  on 
the  operation  and  maintenance  of  the  dam  were  not  available. 
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Seepage  and  stability  analyses  comparable  to  the  requirements 
of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
were  also  not  available  which  is  considered  a  deficiency. 

c.  Urgency 

The  remedial  measures  recommended  in  Paragraph  7.2 
should  be  accomplished  within  a  reasonable  period  of  time. 
The  items  recommended  in  paragraph  7.2a  should  be  pursued  on  a 
high  priority  basis. 

d.  Necessity  for  Phase  II  Inspection 

Based  upon  results  of  the  Phase  I  inspection,  and 
if  the  remedial  measures  recommended  in  Paragraph  7.2  are 
undertaken,  a  Phase  II  inspection  is  not  felt  to  be  necessary. 


7  .  2  Remedial  Measures 

a.  Alternatives 

There  are  several  general  options  which  may  be  con¬ 
sidered  to  reduce  the  possibility  of  the  dam  failure  or  to  diminish 
the  harmful  consequences  of  such  a  failure.  Some  of  these  options 
are : 


1.  Increase  spillway  capacity  to  pass  the  probable 
maximum  flood  without  overtopping  the  dam. 

2.  Provide  a  highly  reliable  flood  warning  system 
(generally  does  not  prevent  damage  but  avoids  loss 
of  life). 
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b.  0  &  M  Procedures 

1.  Grazing  livestock  should  be  prevented  access  to  the 
embankment.  The  damage  caused  by  the  livestock 
should  be  properly  repaired  and  adequately  protected 
from  further  damage. 

2.  The  erosion  gulleys  on  the  left  abutment  and  up¬ 
stream  of  the  emergency  spillway  should  be  back¬ 
filled  with  a  suitable  material,  properly  compacted 
and  protected  from  further  erosion. 

3.  The  minor  erosion  on  the  upstream  slope  due  to  wave 
action  should  be  monitored  and  corrective  measures 
taken  when  deemed  necessary. 

4.  The  small  saplings  on  the  upstream  slope  near  the 
shoreline  should  be  cut  and  the  root  systems  treated 
to  prevent  further  growth. 

5.  The  emergency  spillway  crest  should  be  repaired  to 
the  extent  that  it  is  in  as  good  and  stable  a 
condition  as  the  channel  portion  of  the  spillway. 

6.  Once  livestock  are  prevented  from  trampling  about 
the  downstreanra  slope  in  the  vicinity  of  the  princi¬ 
pal  spillway  outlet,  grasses  could  resume  growth; 
however,  this  condition  should  be  periodically 
checked  and  remedied  as  required  to  prevent  serious 
erosion  from  occurring. 
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7. 


The  principal  spillway  inlet  approachway  area  should 
be  cleaned  of  dead  grass,  etc.,  and  periodically 
checked  for  accumulations  of  miscellaneous  brush  and 
rubbish  which  could  reduce  spillway  capacity. 

8.  Seepage  and  stability  analyses  should  be  performed 
by  a  professional  engineer  experienced  in  the  design 
and  construction  of  earth  dams. 

9.  The  owner  should  initiate  the  following  programs: 

(a)  Periodic  inspection  of  the  dam  by  a  profes¬ 
sional  engineer  experienced  in  the  design  and 
construction  of  earthen  dams. 

(b)  Set  up  a  maintenance  schedule  and  log  all 
visits  to  the  dam  for  operation,  repairs  and 
maintenance . 
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PLATE  9 


0  LOCATION  OF  DAM 

NOTE  LEGEND  OF  THIS  DAM  :S  ON  PlATE 


REFERENCE 

GEOLOGIC  MAP  OF  MISSOURI 
DEPARTMENT  OF  NATURAL  RESOURCES 
MISSOURI  GEOLOGICAL  SURVEY 
KENNETH  H  ANDERSON, 1979 


REGIONAL  GEOLOGICAL  MAP 
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PLATE  10 


LEGEND 

PERIOD  SYMBOL  DESCRIPTION 


QUATERNARY  Qal  ALLUVIUM:  SAND,  SILT,  GRAVEL 

MARMATON  GROUP  CYCLIC  DEPOSITS 
OF  SHALE,  LIMESTONE  AND  SANDSTONE 

CHEROKEE  GROUP  CYCLIC  DEPOSITS 
OF  SHALE,  LIMESTONE  AND  SANDSTONE 


Mm  ST  LOUIS  FORMATION  LIMESTONE 

INTERBEDDED  WITH  SHALE 

Mm  SALEM  FORMATION:  LIMESTONE 

INTERBEDDED  WITH  SHALE  AND  SILTSTONE 

WARSAW  FORMATION  ARGILLACEOUS 
LIMESTONE  AND  CALCAREOUS  SHALE 

KEOKUK-  BURLINGTON  FORMATION 
CHERTY  GRAYISH  BROWN  SANDY  LIMESTONE 


NORTHVIEW-  COMPTON  AND  BACHELOR 
FOR  MATION 


DEVONIAN  D  CHATTANOOGA  SHALE,  SYLAM  ORE 

SANDSTONE 


MAQUOKETA  SHALE  ,  KIMMSWICK 
LI  ME  STONE 

DECORAH  FORMATION  GREEN  TO  GRAY 
CALCAREOUS  SHALE  WITH  THIN 
FOSSILIFEROUS  LIMESTONE 
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PHOTO  INDEX 
FOR 

WESTHOFF  DAM 


Westhoff  Dam 
Photographs 


i 


Photo  1  -  Top  of  dam,  showing  grass  cover  protection  and  vehicular 

tracks  worn  into  dam  surface. 

Photo  2  -  Upstream  slope  of  dam  showing  adequate  grass  cover  and 

rough  edges  of  b  rtn  from  dead  grass  accumulation. 

Photo  3  -  Downstream  slope  of  dam  showing  grass  cover,  livestock 

trails  and  emergency  spillway  discharge  channel,  looking 
downstream. 

Photo  4  -  Erosion  gulley,  upstream  left  abutment  contact  area. 

Photo  5  -  Erosion  gully,  upstream  right  abutment  contact  area. 

Photo  6  -  Principal  spillway  inlet  showing  nearby  brush  and  plant 

growth. 

Photo  7  -  Principal  spillway  outlet  showing  sparseness  of  grass 

cover  protection  and  hoof  marks  of  thirsty  livestock. 

Photo  8  -  View  of  emergency  spillway  inlet  crest  showing  soft  area, 

stock  trail,  and  emergency  spillway  discharge  channel 
along  toe  of  embankment. 

Photo  9  -  View  of  emergency  spillway  discharge  channel  (looking 

upstream)  along  toe  of  embankment.  (Erosion  bottom  right.) 

Photo  10  -  View  of  intersection  of  emergency  discharge  channel  (right 

foreground)  and  outlet  pipe  for  principal  spillway,  and 
downstream  channel  brush,  etc. 
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